Computational techniques are invaluable to the continued success and development of Magnetic Resonance Imaging (MRI) and to its widespread applications. New processing methods are essential for addressing issues at each stage of MRI techniques. In this study, we present new sets of non-exponential generating functions representing the NMR transverse magnetizations and signals which are mathematically designed based on the theory and dynamics of the Bloch NMR flow equations. These signals are functions of many spinning nuclei of materials and can be used to obtain information observed in all flow systems. The Bloch NMR flow equations are solved using the Boubaker polynomial expansion scheme (BPES) and analytically connect most of the experimentally valuable NMR parameters in a simplified way for general analyses of magnetic resonance imaging with adiabatic condition.
Introduction
Flow through porous media represents a vast field of study with many scientific and engineering applications [1] [2] [3] [4] [5] [6] [7] . A great number of experimental and theoretical studies on flow in restricted motion using NMR are available in the literature [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Most of these studies are based on either numerical or approximation solutions of Bloch NMR equations. However, it will be fundamental and ideal if the theoretical and experimental application of MRI for flow analysis in restricted geometry is based on the analytical solutions of Bloch NMR equations. This has been claimed over the years to be the best approach for obtaining fundamental information to accurately access fluid dynamical properties in porous media/restricted geometry. It is possible to derive necessary relationships analytically for free motion. However, in the case of restricted motion for which porous media are defined, the macroscopic approach becomes mathematically intractable. Thus, in general case, one is forced to use different method to find mathematical relation for the MRI signal in terms of NMR experimental parameters [19] [20] [21] .
In this investigation, we solved the Bloch NMR flow equation which is transformable to Bessel equation of order zero using the Boubaker Polynomial Expansion Scheme to obtain the NMR transverse magnetization for the analysis of flow in anisotropic fluid flow. The relationships between fluid velocity, the NMR relaxation rates and the path length x for cerebrospinal fluid, white and gray matter of human cerebrum are demonstrated. The Boubaker Polynomials Expansion Scheme BPES is a resolution protocol which has been successfully applied to several applied-physics and mathematics problems. Solutions have been proposed through the BPES in many fields such as numerical analysis [22] [23] [24] [25] [26] [27] , theoretical physics [24] [25] [26] [27] [28] [29] , mathematical algorithms [26] , heat transfer [30, 31] , homodynamics [28, 29] , material characterization [32] , fuzzy systems modeling [31] and boilogy [32, 33] . 
In this investigation, the Boubaker Polynomials Expansion Scheme BPES has been applied to the boundary-valued second order Bloch NMR flow differential equation through setting the expression:
where M y (x) are the time independent NMR transverse magnetizations, 4k are the 4k-order Boubaker polynomials, Based on the conditions which may conform to the real-time experimental arrangements, we obtained a second order non homogeneous differential equation from the Bloch NMR flow equation [34, 35] at Larmor frequency:
The x, y, z components (in the rotating frame) of the magnetization of a fluid moving with spatially varying velocity v is given by the Bloch equations which may be written as follows:
Subject to the following conditions: 1) M o  M z a situation which holds well in general and in particular when the RF B 1 (x) field is strong say of the order of 1.0 G or more.
2) Before entering signal detector coil, fluid particles has magnetization.
or more so that M y of the fluid bolus changes appreciably from the equilibrium magnetization M o .
 denotes the gyromagnetic ratio of fluid spins; 2   is the RF excitation frequency; 0 f  is the off-resonance field in the rotating frame of reference. T 1 and T 2 are the spin-lattice and spin-spin relaxation times respectively, the reciprocals of T 1 and T 2 are defined as relaxation rates. M o is the equilibrium magnetization and RF B 1 is the spatially varying magnetic field [35] which may be designed as
where g is the field gradient. Equations (5) and (6) give a second order non-homogenous differential equation called the Bloch NMR flow equation:
where
In NMR systems, when the RF B 1 field is applied, M y has a maximum value when RF B 1 has maximum amplitude and M o ≈ 0. In biological systems especially at the molecular level we need to solve Equation (8) to provide velocity profiles for different tissues materials such that
where n is the number of pulses, TR is the repetition time.
If  is the time between two pulses, we write:
For adiabatic condition, Equation (8) becomes:
Equations (13) and (14) can be solved using the Boubaker polynomial expansion scheme [21] [22] [23] with boundary conditions based on traditional NMR procedures.
where β is a constant which is unique to the NMR system being described. For this system, the gradient field is chosen (under the condition 2
where  is a special flow property of the fluid (for this analysis 1   ), α is dimenssioless constant and f is a property of the medium. Equations (13) and (14) reduce to:
The BPES solution is obtained by determining the non-null set of coefficients 
with:
The final solution is:
Analysis of Results
From Equations (7), (9)- (13), we obtain for the value of α = 2, the following 2
Tables 1-4 show how the fluid velocity and relaxation parameters changes with x for different human tissues materials at 1.5 T.
The tables show the usefulness of BPES to different tissues on MRI scan. They can also be used to observe the same tissue materials at different locations. Figure 1 shows the NMR transverse magnetization when the value of x is small, high and very high for the Boubaker polynomial expansion scheme (BPES). The number of pulses n have more influence on the NMR signal when the value of x is small that when it is high. This can be useful to determine the number of pulses needed for a particular NMR experiment. 
Cerebrospinal Fluid Table 3 . Values of the path length, velocity and the relaxation rate for white matter of the cerebrum at 1.5 T.
White Matter Based on Equation (19) and Tables 1-4 , the analysis of fluid velocity, relaxation rates and the path length x can be described within the following three limits:
Equation (21) cates that the value of n and not , in Equations (13) and (14) as solved by the Boubaker polynomial expansion scheme is very significant for the analysis of flow in restricted geometry where the measured fluid velocity depends of the relaxation parameters as shown in Figures 2  and 3 . We may conclude that f, has a memory of the chemical differences within the spin's immediate environment or the magnitude of the static magnetic field B o . Therefore, selecting a particular value of x may correspond to selecting certain magnitude of B o field or the molecular imprints of the tissue containing a flowing spin. The values of  used in this study, is for computational purposes.
Conclusion
A mathematical concept of magnetic resonance imaging for flow analyses in restricted geometries has been presented by solving the Bloch flow equation using the Boubaker polynomial expansion scheme (BPES). These demonstrate the usefulness of Bloch NMR flow equation and the Boubaker polynomial expansion scheme for studying fluid flow in restricted geometries to obtain the NMR transverse magnetization for the analyses of flow in anisotropic fluid flow. The relationship between fluid velocity, the NMR relaxation rates and the path length x for cerebrospinal fluid, white and gray matter of human cerebrum as demonstrated provides tissue contrast for different tissues materials. This can prove to be a very good starting point for building more sensitive and less expensive magnetic resonance imaging sequences.
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